ABSTRACT. Unlabeled progesterone was added at different doses to human skin homogenates originating from the pubic area of normal men. The transformation of radioactive testosterone to dihydrotestosterone was inhibited by this in vitro addition of progesterone. In other experiments 100 mg of progesterone dissolved in alcohol was applied upon the skin of 2 normal men. A skin specimen was obtained before and after this topical treatment and incubated with the same procedure as during in vitro experiments. An inhibition of testosterone 5a-reduction to dihydrotestosterone was also observed after this percutaneous administration of progesterone. Thus progesterone, when percutaneously applied upon the skin of human beings, might be useful as an antiandrogen. (/ Clin Endocrinol Metab 38: 142, 1974) TJECENT studies upon metabolism in human •*•*• skin have demonstrated the transformation of several steroid hormones in this organ and there is increasing evidence that these transformations are of endocrinological importance. In particular, the 5a-reduction of testosterone to 17(3-hydroxy-5a-androstan-3-one (dihydrotestosterone, DHT) which seems to be an essential prerequisite for the action of testosterone in male accessory organs (1,2) has been also observed in vitro in human skin (3,4). In this laboratory (5,6), the reduction'of testosterone to DHT and 5a-androstane-3q,17(3-diol (androstanediol) by human skin wjas also suggested, since in normal man, testosterone was a better precursor of androstanediol when the labeled testosterone was administered .through the skin than when the radioactive precursor was injected in the peripheral circulation. i . On the other hand, the Sa-reduction of progesterone to 5a-pregnane-3,20-dione (dihydroprogesterone) was observed both in vitro (7) and in vivo (8) by comparing, as for testosterone, the fate of radioactive progesterone simultaneously administered by percutaneous and intravenous routes. Moreover, Voigt, Fernandez and Hsia (9) have found that a number of steroids inhibited the 5a-reduction of testosterone by microsomal preparation of human,skin; among these, the most potent inhibitor was progesterone which competed effectively with testosterone for the active site of the enzyme. Thus theoretReceived June 18, 1973. ically, the inhibition of testosterone 5a-reduction by progesterone might be considered as an antiandrogenic effect of endocrinological and dermatological significance, since progesterone administered percutaneously is largely metabolized in situ (8) before reaching the peripheral circulation.
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In this study, the results of experiments relating the inhibition by progesterone of testosterone 5a-reduction by human skin are presented. These studies have been carried out both in vitro by addition of unlabeled progesterone to skin homogenates incubated with radioactive testosterone and "in vivo plus in vitro" by incubation of skin from normal men previously submitted to a percutaneous treatment with progesterone.
Both experiments resulted in an inhibition of the 5a-reduction of testosterone to DHT.
Materials and Methods

Chemicals
Testosterone-1,2-:{ H (SA 42.75 C/mmole) was obtained from New England Nuclear Corp. and purified in the laboratory. Its purity was found to be at least 95% after chromatography and isotope dilution. Reference steroids were purchased from Roussel Uclaf and Ikafarm laboratories; glucose-6-phosphate, glucose-6-phosphate dehydrogenases, NADF and NADPH were obtained from Boehringer chemical corp.
Specimens
Six normal men were studied. They were 30-40 yr old. In 4 cases pubic skin samples were obtained 142 at laparotomy for urologic nonendocrine diseases. None of the patients studied had renal failure. In the 2 other cases, skin was obtained after a topical application on the same pubic area of 100 mg of unlabeled progesterone dissolved in absolute ethanol (prepared by Besins-Iscovesco laboratories). The total application of progesterone was fractionated into 4 percutaneous applications of progesterone for 24 hr between 2 biopsies of pubic skin performed under saline anesthesia. All skin specimens were immediately stored at -20 C, approximately for 2 weeks, because NADPH does not seem to penetrate the fresh skin samples (10) .
Homogenization of skin samples
The general procedure employed was very similar to that described by Voigt, Fernandez and Hsia (9) . Approximately 100 mg of skin was used after removal of subcutaneous fat. Skin samples were minced with fine scissors and homogenized in Krebs Ringer phosphate buffer with an ultra Turrax until there was no visible piece of intact skin and then transferred into a Tenbroeck homogenizer. All operations were carried out at -4 C for less than IS min.
Incubation
The medium consisted of 10 ml of Krebs Ringer Phosphate buffer (pH 7.4) with addition of Penicillin G, 50 U/ml; glucose anhydre, 10~r > mole/ml and either NADPH 1 nmole/ml or NADP 1 n-mole/ ml with or without glucose-6-phosphate, 5 M-mole/ml and glucose-6-phosphate dehydrogenase, 1 U/ml. Immediately prior to incubation, radioactive testosterone (15 X 10 (i dpm = 158 pmoles) in 0.1 ml of ethanol was added to each flask and evaporated to dryness. The incubation was carried out for 1 hr at 37 C in a Dubnoff shaking incubator. In one case the incubation was performed for 1, 2 and 3 hr.
Extraction
All incubations were terminated by addition of acetic acid in order to have a pH close to 5.0. Mixtures were then kept in a freezer at -10 C overnight. Steroids were extracted with ethyl acetate, washed with sodium carbonate (10%) and water, then evaporated to dryness under vacuum. Nonsteroid lipids were separated from steroids with 709? aqueous methanol/heptane system. The recovery of tritium in the methanol phase was greater than 90%.
Chromatography and identification of steroids
In the present experiment, only testosterone, DHT and androstenedione were identified and measured. The essential object of this study being the inhibitory action of progesterone upon the 5a-reduction of testosterone to DHT, the identification of the other metabolites of testosterone was not performed. The chromatographic systems used in this study are described in Table 1 . Dried extracts were submitted to a first paper chromatography. Reference steroids were visualized by the Zimmermann reaction. Labeled testosterone, DHT and androstenedione were located by scanning with a radiochromatogram scanner Packard model 7200 and eluted. An aliquot of each spot was counted in a liquid scintillation spectrometer Packard model 3376. The remaining steroid material was purified by 2 thin-layer chromatographies and 1 paper chromatography, as described in Table 1 ; and identified by addition of the unlabeled carrier steroid and recrystallization to constant specific activity ( Table 2 ).
The final specific activity of material from the area corresponding in the first paper chromatography to testosterone and androstenedione was 95% of the calculated value.
In the ligroin-propanediol chromatographic system, DHT and epiandrosterone have a very close mobility. So, the material of this peak was examined by reverse isotopic dilution with DHT and epiandrosterone. The data indicated that 85% of the DHT peak was effectively DHT (Table 2 ) and 15% could be epiandrosterone. The same rate had been obtained by Gomez and Hsia (3).
Results
Effect of cofactors (Table 3)
In one experiment only 0.79% and 0.13% of radioactive testosterone was recovered as DHT and androstenedione in the absence of cofactors. In the presence of NADP the transformation of testosterone into DHT and androstenedione was not significantly greater. By contrast, in the • presence of a NADPH generating system, there was more androstenedione-(22.9%) than DHT (8:4%) formed from radioactive testosterone. The optimal reduction of testosterone to DHT was obtained when NADPH was added to the medium (10.5 to 15.3% of the incubated radioactive testosterone). In that case, only 1.8 to 6.1% of testosterone was oxidized to androstenedione. 80 mg of unlabeled testosterone were added to an aliquot containing 150,000 dpm from the area of the peak corresponding to testosterone. The calculated specific activity (SA) was 541 dpm/nmole. The data indicate that 95% of the peak was effectively unmetabolized testosterone. 25 mg of unlabeled androstenedione were added to an aliquot containing 55,000 dpm of the peak of androstenedione. The calculated SA was 639 dpm/ M-mole. The data indicate that 95% of the peak was effectively androstenedione. 40 mg of unlabeled DHT were added to an aliquot containing 43,300 dpm from the area of the peak corresponding to DHT. The calculated SA was 350 dpm/M-mole. Data indicate that 85% of the peak was effectively DHT.
Effect of temperature
The reduction of testosterone proceeds optimally at 37 C. When skin was heated to 80 C, no reduction of testosterone to DHT occurred, o even in the presence of NADPH. Thus, it was % concluded that the enzymatic activity is sup--2 pressed at high temperature. £
Time course of testosterone 5a-reduction ŵ
The optimal yield of DHT from radioactive £ testosterone was observed after 1 hr of incuba-T tion. Indeed, a skin specimen was fractionated into three samples incubated respectively for 1, 2 and 3 hr with radioactive testosterone and NADPH. The percent conversion of radioactive testosterone to DHT was approximately 12% for 1 hr, 10% for 2 hr, and 8% for 3 hr. Also, all other experiments were carried out for only 1 hr.
Effect of unlabeled progesterone incubated in vitro with radioactive testosterone (Tables 4 and 5)
All skin specimens were incubated with 15 X 10° dpm of 3 H-testosterone in absence and in presence of respectively: 1 mg, 100 \ig, 10 u.g and 1 |ig of unlabeled progesterone. By comparison with the control experiments, a very important fall in the conversion of testosterone to DHT was noted when progesterone was added at different levels to the skin incubate (65 to 83% of inhibition). However, in the present experimental conditions, the inhibition of testosterone 5a-reduction by progesterone does not appear as dose dependent. In particular, the fact that the conversion of testosterone to DHT was higher after addition of 1 mg of progesterone than with lower amounts remains unclear.
Percutaneous administration of unlabeled progesterone (Tables 4 and 5).
The incubation of skin samples recovered before and after a 24-hr application of progesterone on the pubic area of two normal men leads to similar results as during in vitro experiments. The fall in the conversion of testosterone to DHT recorded after percutaneous administration of progesterone was respectively 70.3 and 86.5% of the percent conversion noted before the treatment.
Discussion
The work of Strauss and Pochi (11) on the stimulation by androgens of sebaceous gland development has demonstrated that the skin was a target organ for androgens. The transformation of testosterone to DHT by the skin has been further localized in sebaceous glands and hair follicles (10, 12) . In addition, in the skin as well as in male accessory organs, this enzymatic reaction requires the presence of NADPH (3,4,9). Moreover, a relationship between testosterone 5<x-reiduction in human skin and sebaceous activity has been suggested from the results obtained by Sansone and Reisner (13) showing that the skin of patients with acne vulgaris compared to skin of normals was more effective in reducing testosterone to DHT.
Most of the antiandrogens used at the present time are known to interfere with the cytoplasmic protein binding specifically DHT in male accessory cells (14, 15) , thus preventing the transfer of the DHT-cytoplasmic protein complex to the nuclear chromatin (16) . However, at least in male accessory organs, the cytoplasmic protein has a particularly high binding affinity for DHT and not for testosterone (14) . As a result, the 5<x-reduction of testosterone to DHT is an essential prerequisite in androgen action. Also, the inhibition of this metabolic event may be considered on different points of view as antiandrogenic. Indeed, Dorfman (17) has previously showed that the inunction of the chick comb with progesterone inhibited its stimulation by testosterone whereas progesterone diminished the growth of male accessory organs of mice when administered subcutaneously with testosterone. In addition, Dorfman (17.) suggested that progesterone might be a naturally occurring antiandrogen which can prevent, during fetal life, the deleterious effect of androgen on the hypothalamic anterior pituitary-gonadal axis of females. The inhibition of testosterone Sa-reduction by progesterone was first demonstrated by Voigt, Fernandez and Hsia (9) in human skin microsomes and after by Massa and Martini (18) in homogenates of rat hypophysis and prostate. This inhibition was interpreted by Voigt and Hsia as the result of a competition between progesterone and testosterone for the active site of the Sa-reductase (9). However, this competition has not been classified as fully competitive. In the present study, the results obtained in vitro with homogenates of pubic skin from normal men were essentially qualitative and cannot give additional information on the nature of the competitive reaction between testosterone and progesterone. One can only say that reduced nicotinamide nucleotides being added in excess during skin incubations, the roie of the coenzyme may be partly excluded as regards the enzyme-coenzyme substrate relationship, even if NADPH is the required coenzyme from the 5a-reduction of testosterone or progesterone.
More recently, Voigt and Hsia (19) have reported a very interesting study on the antiandrogenic activity of 4-androsten-3-one-17p > -carboxylic acid. This compound dissolved in acetone, and topically applied to the flank organs of hamsters inhibited locally the enlargement of the sebaceous glands provoked by testosterone, whereas the 5u-reduction of testosterone to DHT and androstanediol was blocked. This study confirms the possibility of the inhibition of testosterone Sa-reduction by compounds topically applied. The steroid used by this group (19) was interesting because it had no known hormonal activity and was not metabolized in situ by the Sa-reductase. However, Voigt and Hsia did not mention if such a compound may be effective in humans when percutaneously administered. Indeed, no data are given upon the absorption rate of 4-androsten-3-one-17(3-carboxylic acid through the skin. By contrast, the total absorption of progesterone through human skin has been calculated both in vitro (20) and in vivo (8) and averages 10% of the administered dose. The clinical use of progesterone as an antiandrogen was criticized by Voigt and Hsia (19) because this steroid might be a precursor for active androgens in testis or adrenal after its passage in blood stream. Our results showing that more than 70% of progesterone topically applied was metabolized into the human skin do not agree with this assumption. In addition, the metabolic products of progesterone 5a-reduction into the skin (essentially dihydroprogesterone and allopregnanediol) are not known as having an androgenic effect. Moreover, no trace of these compounds was recovered in the blood after percutaneous administration of progesterone (unpublished data).
In conclusion, whatever the exact site and the modality by which progesterone exerts its inhibitory activity upon the reduction of testosterone to DHT, the fact that this steroid hormone acts identically when it is topically applied to human skin and when it is added in vitro to skin homogenates provides evidence that the percutaneous administration of progesterone is effective on a biological point of view. Thus it may be of particular interest in several skin diseases such as acne vulgaris and seborrhea which are related to hyperresponsiveness of the skin to androgens.
